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FREQUXNC Y OF OCCURRENCE OF ATMOSPHEJ3 IC GUSTS AND OF

RELATED LOADS ON AIRPLANE STRUC T’URES

By Richard V. Rhode’and’Phil~~ ISonely
...”’

A number of’samples of fl~.ght acceleration data
taken by the National Advtsory Committee for Aeronautics
under a variety of o,pera’tir.g conditions were evaluated to
determine the total frequencies a,nclthe frequency dis-
tribution of atmospheric gusts. The samples include
174.8 hours of operation by several,airplanes of the
domestic airlines of the Uhited. States, a fl~!artinLJ-130 aii2-
plane of the Pacific Divis5.on of Pan JWerican Airways
System, and the 130eingB-15 a:rplane of the Army Air For~ms.
These data are supplemented by V-G record~, so that more
than 9,000 }000 miles of operation are represented.. ,Samples
taken on an Aeronca C-2 airplane at low altity~de in the
turbulent air of the earthrs boundary la:~~erare compared
with similar samples taken on the Lockheed XC-35 airplane
at high. altitude within cumulus-congestus and cumulo-
nimbus clouds.

Similar data of German origin have been reanalyzed
and included for comparison.

It was concluded that the distribution “of’gusts
witlnin turbulent regions of ttie“earth?s atmosphere
follows a substanti~lly fixed pattern regardless of the
source of the turbulence . The total frequencies are
therefore governed by the tot+ length of flight path
in rough air, end operating conditions detdrtiine”th~
total frequencies only byaffec,ti.ng theratio-of”the
length of flight path in rough a.>r to ,tottil”leng.~hof
the path. Gust-load frequencies were foutid’to”be;”
inversely proportional tioair:pI.ane’si,ze.” ‘-.

It was further concluded that the”~ust frequencies
can be applied with small”error to the estimation of
stress frequencies in the primary structures of airplanes.
The results of’the analysis are applicabl~” to the fatigue
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testing of the prilqary.structure of the airframe and to
the estimation of the probability of encountering gusts
of excessive intensity within any stated period of
operation.

INTRODUCTION

The trend in airplane design toward higher wing
loading, higher speed, and larger size - and consequently
toward higher mean stresses and ~reater severity of loads
on the structure - has resulted in a growing appreciation
by designers of the potential importance of f’atiguein
the primary structure and of’the necessity for designing
on the basis of fatigue streiagth for limited “life
expectancy. ‘f Reference 3.,for exam~~le, displays a great
deal of concern about the fatigue l.~feof airplane
structures ,

Life expectancy is governed not only-by fatigue but
also by the vrobabil.ity of occurrence of’single quasi-
static loads of such high magnitude a.smight endanger
the structure dirsctly. This problem has been made
more acute by the overloadiia~ of airplanes due to
wartime traffic demands.

An obvious prerequisite for control of fatigue
strength and for the determination of the probability
of single large loads is flight data tl~ats;howthe
frequency of occurrence of load-sor stresses In the
structure correlated with the many factors that influence
the frequencies. In the flight operations of transport-
type airplanes the principal source of structural loads
and stresses is atmospheric turbulence, and most of the
required flight data a~nlicable to transport afrnlanes
may be obtained by measurements of the loads or stresses
during cruising flight in rough air.

Kaul (reference 2) and .Weise (refei-en.ce3) have
~resented data on the wing-load histc~ri.osexperienced
by a number of’airnlanes both under special test condi-
tions .&nrough ~.irand in some 6(IOhours of cruising
flight on several branches of’j;b.eDeutsche Luftb.ansa.
l<aulobtained results b“~means o.fan accelerometer located
near the center of gravity of the airplane and Freise,
bl~means of a strain gage mounted on a chord member of a
wing spar near the wing root. ..The results were expressed
in references 2 and 3 in terms of,a~?plied wing load.



The NACA has from ti.m6to time collected data
=.,— similar to..those,presented by Kaul and l?reise. These

data include acceleration’ m.easur-einentsfrom 1520 hours
of the early operations of the domestic airlines of the
United States, 313 hours of miscellaneous cross-country
flying by the Eoeing B.-lbairplane, a ll~-ho-urround-
trip flight between Alameda, Calif.~ and Hong Kong, China,
by a lWartinM-130 airplane of Pan American A5.rways System,
and two special gust investigatioias in the vicinity of
Langley 1+’ielcl,Va. Data taken with the NACA V-G recoriler
(reference .4.)durin~ some 8,~00,000 miles of airline
o,pcrations ~Lrealso included to take into consideration
the rare gusts of great intensity that are not normally
encountered durin: the taking of samples of limited
scope . In the present paper these data are analyzed and
coriparedwith the German data of references 2 and 3
to establish a broad~r basis for the determination of
the frequency of loads resultin<; from atmospheric Susts.

An acceleration incrornentnormal to chord of win~,
g units

W weight of airplane

s wing area

a slope of lift curve

P. mass density of air

#2
equivalent airspeed

—

at sea level

[T. effective gust velocity

K relative alleviation factor

z mean wing chord

~ total frequency, total number of’occurrences of
a phenomenon In a sample

f’ frequency, number of occurrences of a phenow.enon
within a class interval

, .,,,.. . . ., ,,,-,.,.—. . .. .—
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relative frequency (f/4?)

average gust interval, average distance along
flight path in turbulent air between
significant gusts

path of operation, total Ieng-hh of fliqht path
for any considered. scope of’operation

pa~h ratto, ratio of length of fligb.tpath in
turb~3.lentsir to path of operaticn

,The class Interval is the range between two values
measured quantity within which measurements of like

value are gjrollpijd (or classed) for the p.~rpose of tabula-
tion of frequ.encies . ‘lheciass mark is the definitive
value, or m~clvaluej of a class ,

In mo~t i-nvesti~atfor~sof’atmosphere c turbulence
~?.e~cce~,era-~j.on response ofconducted by the N’ACA, .:.

ai~rJl ar~~s to tb.egusts has been ut~.lized in the measure-
ment of atmospheric turbulence . Although much of the
philosophy underlying the concepts j.nvolveclin the use
of acceleration. response in the !?,easuremcnt of’turbulence
has not been published, some basic consicleratiorisare
discussed in references ILto 6. These considerations
lead to the rel.ativel~7 s~.mrleconcept et’an.‘reflective

!!~~-lich~lasbeen selected as the basicgust velocity, ...
attribute or iild.ependent variable to which tinestatistical
analysis best avplies. The ef’~ective gust velocity is
defined by the relation

(1)

The relative alleviation factor K allows for the
velocity of the ai.rpl.ane normal- to the flight path caused
by application of acceleration during the finite time of
action of’the gust . The fac“tOi~K is given as a function
of the wing loadj.ng in figure 1. The derivation Of this
curve, whi cfi. takes into consideration the lag in transient
development of lift and the gust gradient, is attributable

II
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to the authors but has not been published. The curve
in figure 1 is part..of the.American design requirements
and has been published as figure n(a) “in’r&f’erence7.
Although derived at a relatively early date when little
information on gust gradients was available, the rela-
tionship described by the curve has”remain.ed in excellent
agreement with subsequently obtained flight data and with
advances in the theory of Unsteady lift.

SCOPE OF MEAS?E?EMENTS

Extent of Operations

Donestic airlines.- Acceleratfon records for
1320 hours, or abOu.t145,000 miles, of’flight were
obtained during the early days o.ftransport operations
on the domestic airlines cf’the United States. The
data were taken during i“outine schedulc?d operations
over a oeriod cf about 2 years. The average operating
altitude was at’ol~.t)+00’0feet atio-~esea ~L.et”el. The
airpla-nes on which the measurements were made included
the f’ollowi.n’gtynes : Ford.5-AT, .Fokker.F-10-A,
Boeing .40-E, and Boeing 80-A. The routes flown covered
most sectiicnsof the United States and represent all
types of climate and to~cgranhy in this country. The
data from these early :d.omest~c-airlineoperations zre
referred to subsequently as “sample l.!’ The charac-
teristics of the ai.r~lanesand a summary of the operating
conditions for all t~.esamples are given in.tables I
and 11, respectively.

A large number of’acceleration records were obtained
later on the dGrnestic airl.iiles.
42,105 hours

‘Iheserecords represent
or about 7,000,000 m$les, of’routine

transport op~rations by Boeing B-2.!4.7,Douglas DC-2,
and Douglas DC-3 airplanes on several airlines covering
most secttons of the L?nitedStates. T’nedata from these
later domes~ic operations are called. samples 2, 3, and 4
for Une B-2Q.7,DC-2, and DC-5 airplanes, respectively.
(See tables I“and Ii.)

Alameda to Hong Kong.- ‘decordswere taken wi~n
number of instruments during a round-trip flight in
June 1938 from Alameda, Calif. to Hong Kong, China
by a Martin M-130 air~lane of Pan American Airways
System. The average altitude was about 10,000 feet

a

1
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and the flyi.rg time was 115 hours, corresponding to
17,000 miles of flight. The data from this flight
are called sample 5.

Records of acceleration covering 12,2j2 hours, or
about 1,520,000 miles, of routine operations with.
Martin 1!-150 and Boeing B-314 airplanes are included
in the analysis for the route from.Alameda to Hono Kong.
The data from these operations are called sample ~.

Boeing B-15 airplarle.- Records of’acceleration
were taken orLtfi.eB-~r>alane during 513 hours, or
about )+3,000“miles, of miscellaneous flying including
a number of cross-country fli~hts over various sections
of the United LStatesand one round trip to the Pana-ma
Canal Zone. These flights were made between November 1938
and June 194.0. Tkieaverage altitude of the operations
was about 5000 feet. The data are subsequently called
sample 7.

XC-55 airnlaneo- The .4rm&Lackll.eedXC-55 airolane
was f’=~n in the vicinity of La:.lgl.eyField, Va. during
an investigation of atmospb.eric turbulence in th~e
summers of 1~4.1and 19)42. Measurernen-tsof acceleration
and.airspeed were take;aonly during flight through rough
air, mostly within cumulus-conges tus and curnulo-nirnbus
clouds . The surveys ‘weremade at v-ariousa?.”titudes up
to jk,do~ feet. Only two samples from these surveys
are included irlthe analysis . One of these samples
(sample 8 ) was selected at pai~do~lfrom the several sets
of data; the other saw.p?.e(sample 9) represents the
roughest flight.

Aeronca C-2 airplane.-
. .

An Aei-o.ncaC-2 ~a3.rclane was
flown-during an investigation ~.n.1937 of turbulence at
very low altitudes in the earth?s boundary layer. A
sample (sample 10) was selected..at ran.dornfrom the
complete data and is included kere for analysis.

Anparatus and Lirni”tations

Domestic airlines (earl~~opera?~ions).- In ths early
trans~rt operations onlj=ccel.ei-ation records were
obtained. The records were made with commercial vibra-
tion recorders that ~j.adbeen rebuilt into accel.erorneters
by the NACA. These accelerometers recorded against time
on a waxed-paper disk about ~ ii~(hesin diameter. The
~llstrwents were arranged to make one revolution of the
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. . . .. ..-.. d.is,l,.in.several hours . The time scale was therefore
cramped and o.nly the uiodePat”e“and the large values ,of
acceleration could be counted.

As the airspeed was not recorded, e~fective gust
velocities were evaluated on the basis of the known
cruising speeds of tb.eairplanes,

Although the slopes of the lift curves were ‘known
from available data, the wing loadings of the airplanes
as flown were Pot usually known. Effective gust
velocities wer~, therefore, evaluated on the basis of
the assumption that the airplanes were flown at normal
gross weight. This ass~~~ption leads to somewhat
conservative values, as the airplanes were usually
flOWn at less t~iannormal grOS~ Weif#lt.

Domestic airl~es (recent opel-atfons~.~c~l~~atyg:e—. —.~
recent domes tj.c trans~ort overatlons, both .
and airspeed were recorded.by means of NACA V-G recorders,
which are described in reference ~. These instruments do
not record against time ; the accelerations are registered
vertically on a small simoked-glassj?l.ate while tb.evalues
of airspeed are recorded horizontally. The record is
an erlvelope of’t’nemaximum and minimum values of accelera-
tion against a scale of airspeed.. The small accelerations
are illegible within the envelope and only the larger
values of acceleration that project beyon~. the envelope
of the small values can be counted.

No assumption as to airspeed is required with the
N4CA V-G recorder, as the inst.antaneou.svalue of airspeed
associated with any observed acceleration is given by
the record.

As in the case of the early transports, the wing
loadings of tinemore recent transport airplanes as
flown were not known exactly. It was determined,
however, that a reasonable agproxima~ion of the average
operation weight was 85 gercent of the normal gross
weight; this value was used in the evaluation of effective
gust velocities.

Alameda to Hong Kong.- During the round-trip flight
betwe~lma=~ong Kong of the M-130, the airplane
was equipped with an,NAC.AV-G recorder, an NACA recording
accelerometer, an NTACAairspeed recorder, and several
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NACA scratch-recording strain gages. Both the accel-
erometer and the airspeed recorder reccrded the measured
quantities against time with a scale sufficiently open to
permit detailed evaluation of the records. The strain
gages also recorded against time, but the motion was of
an intermittent character so that all the strain peaks
could not be counted. Only one strain gage operated
satisfactorily througtlout the flight. Many of the strain
values could, however, be correlated with the accelera-
tion measurements.

During the flight an observer operated the instru-
ments and a complete log of time spent in rougklair,
total time, airglane weight, and other pertinent detafl
was kept. The records therefore permtt a complete and
accurate ~~-al-~atj-onlcftb.efrequencies of effective gust
velocities .

Except for the records taken on this round-trip
fli,qht,a“l~reco~v.jsof acceleration and airspeed ta”Ken
on the Alameda-Hong Kong route were made with NACA V-G
recorders.

E-15 airnlane.- The B-15 airplane was equipped with
an l!?ACArecor~accelerowieter and an NTACAairs~eed
recorder h.avinz ih.etime scales sufficiently open to
nerm.itdetailed evaluation of the records. A n?~mber
of NACA and D~I type scratich-recordin.gstrain gages
were instail.ed on-shear and chord members of a wing spar
at two stations along the spail. The Dl~ type gages
recorded continuously against time, and a count of’ the
strain peaks is possible although such a count has not
been inade. As in the case of the round-trip flight to
Hong Kon& by tb-e‘J-130airplme, the strain records are
used herein only to show the relationship between a
r.umber of measured strains and accelerations.

Du.rinflthe flights of the B-15 airplane, an observer
cpe.rated Lhe instruments and kept a complete log of time
spe~lti.nrOUgh. air, total time, airpl~i~eweight, and
other Rertinent quantj.ties. T~ierecords from these
flights therefore g~~[:~ita cG-~pleteand accurate

evaluation of the fi”equencies‘of’effective gust velocities.

XC-~~ airplane.- The XC-35 air~planewas equipped
with an.NACA reco~ing accelerometer and an liACA air-
speed recorder set to give an open ‘timescale. The records
obta~-nedare amenable to detailed evaluation. ‘i’he
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operating weights for all flights are known, and effect-
ive gusi-velocities can be completely, arxlaccurately
evaluated.

Aeronca C-2 airpla.ne.- TileAeronca C-2 airplane
was also t~tted w~th an NACA recording accelerometer
and an NACA airspeed recorder, and the-operating weights
are accurately ‘known. Detailed evaluation of effective
gust velocities is possible from the records.

EVALUATION OF FX?2UZNCY DISTRIBUTIONS

AND ‘TOTALI?PJT2UENC1ES

Method of Court

The meth.cd of counting frequencies used herein
was dictated largely by the ty~m cf record available
fop analysis and by the quality of the records . Only
the records from.the KACA accelerometer ~erw.itted
detailed examination, but even wit’h those records it
was necessary for practical reasons to co~.fine the count
to sii:.gle maximums and minimums, cr peaks, between any
two consecutive intersections of the reccrd line with
the lg reference level . This method of count neglects
the minor oscillations superimposed on those counted.
Kaul (reference 2 ) emuloyed. a si.inilarniethod o.fcount,
and in “bh~L,S re Spe ct the German aridthe American data
are comparable .

I’romthe records for sample 1, in wlc!.chthe time
scales weue cramped, and from the records taken with
NACA V-G recorders it was no L j?ossible to determine
whether the acceleration returned to or crossed the
1 g reference level after the attainment of a maximum
or minimum valu-e. In these cases, therefore, the
evaluation was made bj~counting the acceleration peaks
standi.ngout fror.-theenvelopes of the small accelerations .

Since, except ~~orthe V-G data, it was considerably
more convenient to count accelerations directl;y than to
convert accelerations to effective gust velocities prior
to the col.mt,the conversion was made for relatively
sh.crt sect. i.ons of’ edcpl ,sample on the basis c.f’r,ean air-
s~eeds for these sections. In this wa~~ larrzeerrors in
airspeed were
airspeed. from
significance .

avoided ~nd.the small de~j-~ijions of’the
the selected means were of no great
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Class Intervals

The intervals for the classification of frequencies
were cb.osenat about the smallest values consistent with
the accuracy of the several acceleration measu}-ements -
namely, about O.lg. For a n~ber Of’reasons the
intervals were not always quite the same. This fact is
of no consequence for, in any event, since the accel-
eration values were conveniently converted to eff2ctive
gust velocities after the count was made, the class
intervals expressed in terf~sof eff’echive gust velocity
would not remain equal for the various samples “because
of d.iff’ererlcesin alr?lane characteristics and airspeed.
The class intervals, expressed in terms of gust velocity,
tori’espon,dingto the actual evaluation are given in
table III.

Thi’e~hOld Valnes Of’,4.ccelerati.on

In countins the frequencies in the lowest ClaSS
(that is, the class containing the smallest vali~esof
acceleration), t~e result d.eperld.sujpon t?cemi~nimm values
that can be observed. On the records from the NA.CA:~ccel-
erometer, v~Lriations :n acceleration attributable to
gusts as small as 0.02g can be conveniently observed,
and a?.]-greater values can therefore be counted. Th~S
limit of acceleration for which the count can be made is
termed herein the “threshold valuet~of the acceleration.

On.the V-G records and the i-ecords from the con-
verted commercial recorde~s used in obtaining sample l,,
the thresho].d values of acceleration were rather nigh
because of the limitations of “Lb.einstruments previously
described.

The threshold values for the samples are given in
terms of effective ~ust velocity in table 111.

The freqld?ncies f and the total freqi.~encies F of
the gusts Tcr the 10 sam.olesare Siven. in table 111 as
counted within the selected class i;r.terval.sand to the
threshold. values cf’effective <gust veloc.lty.
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order to arrive at the broadest and most rational
gust-fre.q.uenc~l.distribution, all data were
in the .forrn07 relative -frequen”cj polygons

Ireference 8 ). The polygon of relative gust frequencies
is a graph of’the ratios– f/F = fr for ~he diff;rent
classes plotted at the respective class marks on a scale
of effective gust velocity. Since the shape of such a
polygon is dependent upon the size of the class interval
and upon the class mark of the lowest class within which
the count is made, polygons for the different samples
can be compared or.lywhen plotted for a collvflonclass
inter-veland.for a com.on lowest class. In order to
place ail the data on a comparable basis, a cofmnon
class interval of 4..5 teet rer second, the largest of
the class intervals for which count was made, was chosen.

S5.ncesamnle ~ and samples 7 “to10 b_ave about the
same small threshold value f’alltngwithin class 1,
rela{:j..ve-,freql~encypoZ.ygOns for tl]esesaml~~es can be
plotted i;mnediatel.yai”terconversion tc)tilecommon class
Interval . Tbe polygons for sam-p?.es5 and ~ are shown
in figure 2; the pO~~,~GilSfor samples & and 10, in
figure 3; and the nolygon Tor sample 9, in figure 4. A
ref’ere.ncepoly,gorl,“pelative dfstri.buti~n A,” 5.s shown
in VileSefigures to facilitate comparisons.

In constructing polygons from.the remaining data,
samples representing ,generally siinilarcnei”ationswere
comb5.ned. Tbe combi~lation of these samples, which
include the V-G data, was rerformed in such manner as to
bring the relative frequencies of the rarer large gusts

into a proper itelationship with the other data. The
basic assumption involved in the process was that, for
data covering a large scope of operations, the relative-
frequency distribut~-on follows a single pattern. The
validity of this assumption is discussed in a later
section.

El the case of samples 1 to 4, all of which
represent domestic transport operations, none of the
data extended to low values of effective gust velocity
for reasons prevj.ously given.. The total frequencies
for these samples ai~e, therefore, relative~.y s,waller
than tk~e total frequencies for the more refined sam~les
because of the omission of’the frequent ].ow-value gusts,
In order to bring the relative-frequency polygon for the
combined samples 1 to “4 into uroper relationship with
tbe polygons for the more complete samples, it was..

I
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necessary first to estimate the frequencies of the
missing low-value gusts and the corresponding total
frequenciess. For this purpose a mean relative-frequency
distribution from samples 5, 7, 8,and 10 was assumed to
represent the missing low-value gusts of samnle 1, which,
of the combined. samples 1 to 4, had the lowest threshold
value . With this assumption, the total frequency of
sample 1, including the frequencies of the lower classes,
was estimated to be I,6G0,000 gusts for the 1320 hours
of operation.

The frequencies of sample 2 were then reduced.by the
ratio of the path of operations of sample 1 to the path
of operations of sample 2 (table IV). Similarlyj the
frequencies of samples 3 and 4 were reduced. to correspond
to the path of operations of sample 1. The sum of the
reduced frequencies within each class of samples 2, ~,
and ].)was then added to sample,1 to o“btain the polygon
for the combined samples 1 to .4..

In combining samples 1 to ~ a precaution was
necessary in regard to class 6 because of the following
considerations . After conversion of sample 1 to class
interval 4.5, the highest class in.which data f’ellwas
class 6. This class is the lowest in which data from
the V-G records fell. Thus, frequencies were available
from all samples of the combination only in this class.
In arriving at a combined frequency for class 6, two
gossible methods could have been used; namely, either
the reduced frequencies from samples 2, 5, and )+co?uld
have been averaged with the frequency of sample 1, or
the most reliable sample could have been used without
inclusion of the less reliable samples. The second
method was actually used and the frequency for class 6
was taken from sample 1 since the obscuration of some
class 6 acceleration neaks within the V-G envelopes of
samples 2, 3, and 4 made these data less reliable for
this class.

The f’requen.tiesfor samples 5 and 6 were combined
in a manner similar to that in which samples 1 to .4
were combined. Tn this case, however, it was
unnecessary to estimate a total frequency for sample 5,
as the threshold value was comparable to the threshold
values of the other coinplete samples. Also, inasmuch
as the highest Gust-induced acceleration for both
samples was recorded. within the rather limited scope
of sample 5, this one value was assigned a frequency
of unity for the combined samples.
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Polygons for the combined samples 1, 2, 3, and ~
and-for the combined. samples ,.5and ,6are shown in
fig~~re2-

DISCUSSION

Relative-Frequency Distribution

Si~nif’icance of’various sample:.- The relative-
frequency distribution for any sample of data does not
necessarily represent general average conditions. .For
instance, the frequency distribution of sample 5 is not
representative of average conditionsbecause of the
occurrence in sample 5 of one of the most severe gusts
ever experienced on the Pacific Division of the
Pan American Airways System. Even without other samples
for’comparison, this fact ~ii~ht have been suspected from
the form of the relative-frequency polygon for sample 5
in figure 2, which SF.OWSa sudden break to large values
of ITe. ISample9 is anotl~er case tkat is not repre-
sentative of a~~er,~gecon:jitions,“oecau.sethis sample
was obtained.during the roughest oi’a considerable
number of flights made during a special investigation
o?fturbulence withj.n cumulus-con$jestus and cumulo-nimbus
clouds . For sample 9, as can be observed from a com-
parison of the ~olvgon in figure 4 with Me other
polygons in figures 2 and 3, the frequency dj.stribution
Indicates relatively hj.ghproportion of gusts of high.
interisity.

In contraat to the ‘ffullness’rof the frequency
distributions for samples 5 and 9, the frequency distri-
bution for sample ‘7shows relatively low proportion of
gusts of high intensity. This result is in line with
the conditions of operation, according to which regions
of high turbulence were avoided as far as ~ossible so
that greater weight was given the frequencies of the
smaller gusts.

Since tl~econditions governing sainples5, ?, and 9
are kaown to give rise to more or less extreme frequency
distributions, a sample representative of average condi-
tions applicable to large scope of operations would be
expected to lie somewhere between the extremes. Probably
the most representati.ve of the sam:plescontainin

$detailed data i.nthe lowest classes are samples : and 10,

:.,-------- . --- -.—..————...—
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which were selected at random from a considerable mass
ot data. T~-t,ere~ati ve-frequency polygons fOT these

sa’l~~les(fj.g.~~ may be observed by comparison with
figures 2 and ~1’to iie between the pOlygOn S fOr
sa~lples7 and 9 and inside the end point of the polygon
for sample 5.

The combination of samples 1 to l!and of samples 5
a.n.d6 in the manner descrtbed Sreatly extends the scope
of the data ap-ol.icable to the respective operating con-
ditions i+epres~nted. The combined sawlplesare thus more
true tb.anany single small sawple in the sense Vnat the
influence of accidental occurrences, SL~ChaS tkieellCOl_lll-
tering of an unusuall..y strong gust iilsample 5, is sub-
merged in the mass of data; that 1s, accidental occur-
rences of’this sort occur in sufficiently large number
within a samnle of large scope that tk~eybecome inore
truly representative of the average conditions. Fig-
ure 2 shows tF.is effec t clearly; tb~ecombined sample
5 and 6 and the cowbined sa~mnle1 to ~ have relatively
uniform distr~.i]uticxaslxlingbetween the extreme distri-
butions of sam~les ‘?and ~.

.Forcomparison with the sample. prssented herein,
distribution ?301~~OllS Of’ Ue have been constructed

from K.aulis data witk a class ~.nterval of 4.5. It may
be seen from .?!~~;ure2, wkich shows tbe envelopes of’the
ool”vgons .f’orKaul 1s data,, ‘chatthe German and the
American results are in very good agreement,

Influence of :~irplane cb.aracteristics and source—.— .——. —. .——
of tu=erice .- It ~.sevtdent from the nreceding dis-
~~i~%~a~the major d.iscrep[incie.between the fre-
quency distributions for the various samples can be
accounted for largely by ecc~-dental occurrences during
the operations . When the scope of the samples is
sufficiently Increased to be representative of average
operating conditions, these accidental j.nfluences are
not so strong and.the f’reauencydistrihutio-ns tend to
fall into the sam -pattertireg~rd.less of the source
of the data. ‘i’heresults therefore indicate that
individual gusts in turbulent regioris of the atmosphere
are distributed on the ‘whole In a.fixed maniler irrespec-
tive of the location of the Lurbulent regions and of the
source of the tur?>ulence.

Figure 3 further illustrates the siw.ilarity of
distribution for different samples . Sample 3 was
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obtained.at high altitude within cumulo-nimbus and
cumul;~s-congestqp clouds.and re.presents.turbulence
‘hav~”fig’”~~~origin in thermal convective processes,

Sample 10, on the contrary, was obtained at very low
altitude in the absence of thermal effects and the
turbulence arose from the shearing of the wind in the
earthfs boundary l.a:yer.Notwithstandirig these con-
siderable differences in the serological conditions,
the frequency distributions are ilearly the same and they
are also in close agreement with those from other sources.

Another point, most clearly evident from samples 8
and 10 ‘cutalso evident from tbleother data, is that
the distribution of turbulence as measured is largely
independent o-fairplane size ai~dother airolane charac-
teristics. The close s~.milarit~~of the d.istrj.butions
for sample 8 (obtained with the Lockheed XC-55 airplane),
sample 1.0 (obtained with the Aeronca C-2 airplane),
and the sam~les from the airline operations indicates that
the basic assumptions and concepts underlying the gust-
load formula (equation (l)) are correct.

Influence of disturbe~ ~.ot~.on of airnlane in
continued severe tu~bulence.- AltliO’Ughthe foregoing—.
remarks about the :Lnfluence of’the airplane character-
istics appl,yon the avera,ge, i.ilcontinued severe
turbulence the frequency distribution may anpear to
contain .abnorxlalf’reqiler.tiesin.tb.ehigher classes
unless precautions are taken to e].imtnate the effect of
disturbed and controlled motions of the airplane. In
~~lef~i~ht from.wb.ich samPle ~ was derived, wliichwas
the roughest of a large number of fligb.ts through
Cumulo-nimbus clouds, the airplane motion was con-
siderably disturbed from.the aesi.red.straight path,
so that the gyroscope of one of the Flight instruments
was at times put out of actj.on (reference 9). Uinder
these circumstances the airplane was subjectto moderate
accelera.tlon fluctuations of loj~i~~period upon which the
short-period accelerations dUe to the turbulence were
superimposed.. When the count was made in the described
manner chosen for the general ailalysis, abnormally high
values of’effective gust velocity were ascribed to the
various frequencies and the polygon appeared full
(fig. 4). When tti.e count was made with. respect to the
variable datum caused.by the disimrbed ~lotion rather
than with respect to the lg datum, the frequency d~.stri-
bution conformed more nearly to the distributions of the
other samples. The corrected ~ol;ySon retained a certain



degree of fullness, however, which may be ascribed to
actual greater frequenc~~ of the more severe gusts.

~jifferences between two nolygons like tb.oseshown
in fi~~u.re4 provide means of ~valuating the effect of’
the disturbed.motion on the frequency of’applied loads .
The data given here apply specifically to the char-
acteristics of the XC-35 airmlane and.cannot be safely
apulied to other cases . ‘Thisfact is of s~fiallconcern,
because large disturbed ~notions are rarely encountered
in normal operations, so that such effects as are shown
in figure 4“would hardl~-.- .~be noti,ceahle in a sample
representing large scope of operations .

!i%. ctorsGoverning ~stir,ation of T’otal ;?requencies

Avepage and standard gust intervals .- The fact——
that the frequency

----
distrihution f’ollovJsa fixed nattern

for samples of large scope indicates that the to”talfre-
quency is proportional to the distance flown within tur-
bulent regions . Conversel~, the average spacinS between
gusts is inversely proportional to the distance flown.
In order “tonrovide a useful basis for estimating the
total frequencies of significant gusts (namely, those
causing ‘measurable acceleration of an airplane ), the
term !?ave~?ageglJst j.n”terval “ ‘al,7 iS introduced T~lis

term is defined as the avere.ge distance alon~ a flight
cath in turbulePLtalr between ,sj.gni:icant gusts. Nuner-
ical va.~uesof kav have been derived frorrithe total

frequencies o.fSainnles5, 7, 8, ~, and 10 and are ~iven
i.ntable IV. In evaluating Aav the actual path lengths

in rough air, which are also ,Sivenin table IV, were
divided by the total frequencies .

The average gust interval hav is Iolottedagainst

mean ‘wing chord in figure ~ . Tkiedependence of Aav
on airplane size is eviolent,altb.oush ‘iheey.act nature
of the relationship iS not entirely clear from the
figure . The average gust interval for the four samples
shown i-nf’igure 5 is 11 chord lengths . ‘Ihisvalue may

be used to estimate total f’requency when the path length
in turbulent air and tb.eairplane size are known.
Although the points on f’i~ure5 do not fall on a straight
line, they could probably be made to do so by suitable
correction. Figure 6 of ref:>rence10, for example,



. ,., , .,, , . . ,. .. . . ,,...-.—.-..-—. _., /-----

!
.. ., .. .,.,.. . .

Ij.
f

NACA ARR No. L4121 17

shows a marked tendency for average gust interval to
increase with gust intensity; corrections for this effect
would raise tb-epoint for’.sample 7 and lower the point
for samples 8 and 9.

path ra.tio.- In order to estimate the total fre-
quenc%%Tor actl~al onerating conditions over a long
oeriod of’,O’QeratiOnS, it is necessary to know something
about the percentage of the total flight path that falls
within regions of turbulence or about the actual total
frequencies that occur within total paths of operation
of large scope. Information on the relative period of
operation within turbulent regions is given in table IV
for samples 5 and 7 in terms of the path ratio R. The
total frequencies are

or

(2)

when T. is in miles, A.av is in feetj and E is in
feet.

Altho’@h the path ratio is not known for khe other
samnles to whl.ch such a ratio is applicable, the total
frequency of samnle 1 is estimated. at 1,600,000 ,gusts
to a threshold value of Ue = 0.5 foot per second in
the manner prevto!~sly explained. Because this total
frequency apnlies to a oath of’operations of 145,000 miles
and because the wean chord was about 10.5 feet, R is
a~proximatelv 0.24 from equation (2).

Operating coilditions.- The path ratio and therefore
the total gust frequency for any path of operations
manifestly will depend on the operating conditions. A
feeder-line trans~ort operating overland at low altitude,
for example, would be expected to encounter a greater
percentage of turbulent air than an airplane operating
at high altitude above the mechanical turbulence near
the ground and above most of the convective clouds.
Although tb.eoperating conditions are important in
defining total .frequ.encies,the data available at this
time are too sketchy to permit correlations between
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total frequencies and the factors composing the operating
conditions.

In order to oermit estimations of total frequencies,
all available pertinent data including those from German
sources have been assembled In table V. The first four
sets of’German data in table V have been based on the
data of’reference 3. Owing to the fact that Freise
presented frequencies for noncontiguous classes, the
total frequencies given were obtained by multiplication
of the frequencies counted fiyFreise by 2.5, which is
the ratio of the interval between class marks to the
interval within which tie original- count was made. The
path ratios from the German data were estimated by
application of equation (2).

In applying the data of table V to the estimation
of total frequencies, some ,judgmentwill have to be used
to ensure that values of’path ratio most nearly repre-
senting the operat:ng conditions are used. It will be
noted that path ratios range frcm about 0.0Q6 to 0.24,
with an average value of about 0.1.

ESTIMATION OF’STRESS .FREQUENCIES

Choice of Gust-Frequency Distrj.bution

The relative-frequency polygons representing the
available data perm!t some latitude in the selection
of a frequency distribution to be applied in a design
problem. Choice of a conservative gust-frequency dis-
tribution for use in estimations of stress frequency
depends ~~ponthe relative significance of’the small
and larZe stresses i.nthe ~robiem under analysis. If
the problem is to determine the probability of occur-
rence of large sti’esses in excess Gf the strength of
the structure at the design limit load, a more con-
servative estimate will result from the selection of a
frequency-d.istributj.onhaving relatively high frequencies
at the higher values of effective gust velocity. For
other purposes, the selection of a distribution having
the higher frequencies at the low effective gust
velocities may give a more conservative estimate. Two
limiting relative-frequency polygons, A and B,representing
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anl~ro.ximateIiriits of’the data are shown in figure 6.
Polygon A has ~“reviously lJeen use’d as ‘lrelative d-i~trf--- -
bu.ti(m Aft tO facilitate comparism of the data shown i.n
f’:gures 2 to 4. For some pur~oses summation curves, or
o~ives (reference 8), are more convenient representations
o.f.frequ.eilc;rd.istributions than l’requencypolygons .
Unit summation curves corresponding to polygons A and B
of figure 6 are therefore giVeilin figure ~.

Relation between Effective Gust Velocity

ar~dStress in the Structure

Direct application of’the ~.l.s’”b-frequencydistribu-
tion and.the total frequency by means of eq$uation (1 )
With the usual deSYLfZ’laSSIXnptiO~lof static load will
yield a~,oroxj.matelycorrect values of stress frequency.
There are~ however, ceveral p:lmn.mllelu~tthat modf.fy the

fl.eql~e:-~cies.actual stress ‘row the stress frequercies
estic~atedin thiu simnle .m.anrmr. T?lese phe.P.omcna
i~.clud.e:

(2) Distributicm. of gust ttie S parl

(3) Dynamic response of the st:eucture

Uncounted surjerimposed gusts.- AS nrevj.ously men-
tioned, the minor neaks ?Lnthe ac”ce~eration records
were not ordinarily counted unless they occurred as
single phenomena between two con.secutj.veintersections
with the .lg datum. A special total count.of these neg-
lected peaks was made j.none case fiaoma clean-cut
record without reference to the exact magnitudes of the
acceleration increments or to the acceleration level at
whj.ch they occurred. It was found tl-iatthe number of
these small superlmnosed neaks was about twice the total
frequency countad in the ma~iler ado:pted for the general
analysis . These superimposed :oeakswere irregular In
shape, sequence, anldtime or place of’occurrence . ‘I’he
magnitudes o~”--t~..-superimpo~d. accelei”ation peaks with
respect to the adjacent acceleration levels were small
and did not in any case exce~d a value corresponding to
AUe = 4.5 feet per secofld. The great majority of these
peaks Were--me.ar...thethresh.old value of ~G3 foot per seconds



— -—
I

20 NACA ARR NO, 4121

Discussion of the reason for the consj.stently
small maamitude of the Superimposed peaks is beyond
the scope of this paper, as the question of the rela-
tionship between gust intensity and gust dimensions
and the question of ttieprobability of superposition
of randomly distributed gusts are involved.

Kal~l (reference 2) reports a similar co~nt of
superimposed peaks from a record of w:.n~-tip deflection.

Kaul implied ~kat the acceleration records did not
contain such neaks and that the extra peaks counted
were due to d&mped vibration of the wing structure
after disturbance ‘OTTthe i.ndividu.algusts. The ratio
of’the number of extra ~eaks to the number counted
with respect to the lg datum was, however, about 2 -
a result that.is in agreement with the authors? count
of’the extra acceleration peaks. It seems probable,
there~ore, that some additional acceleration peaks due
to superimposed gusts an; some acceleration peaks due
to vibration response of the wing-.fusela~a system ~were
actually counted in both cases.

So far as the mere question of gust frequency
is concerned, wi.thowb regfird to superposition, these
additional small peaks may be placed In class 1. The
inclusion of such s~iallpeaks in a fatigue test, however,
ca:n-not‘i~roperlybe effected o.nthe basis of this simple
classification. If the super~oosition of the additional
small peaks is felt to i-nflue~ce the f’atigue strengbb-
to an irn:portantdegree, the ph:enornenonof superposition
must be taken jnto account. The superposition may
perhaps be pictured sufficiently ‘well for application
to fatigue tests by imaginii?g the periods of the
various stress cycles to be proportional to the
amplitude . Further, assume the cycles corresponding
to the basic gust frequency distribution to he applied
without superposition. .Fin.allyjsuperi~:pose the
additional small cycles on t?aebasic cycles of class 2
and of the hig’ner classes, distributing tileadditional
small neah-suniformly alon~~ the time scale to determine
the numbers to be superimposed on each basic cycle.

The actual annlication of su~erjhposed cycles in
fatigue testing is a tifficult matter and requires
eit?.~.erthe construction and use of a familv of summation
curves with.mean stress as a uarameter or the construc-
tion of a comnlex fatigue machine with.which the small
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Cycleg Can be superimposed on the larger cycles. The
d.eriva.tion of’the sumnati.ozlgur”~esWOUIQ .requfre that
the basic stress cycles be considered as square waves
for the purpose of establishing a finite number of mean
stress values, and the actual testing would involve the
difficulty of occasionally holding the mean stress levels
at very high values while the small cycles were being
applied.

Distribution of gust velocity along span.- The
d.istr~u=~tist velocity along the span of a wing
is not always uniform, so that the usual asswnption of’
uniform distribution leads to sc>meerror in estimation
of stress frequencies from the gust frequencies. The
results of the gust investigation w~.ththe xC-55 air-
olane indicate the various t~’pfcalspanwfse distribu-
tions that actually occur ant!the frequency of each
type . If desired., further refinement cf the stress
frequencies can be made from these data, which are
reported in reference 11.

Dynamic response of the structure.- Owj.ngto the.———— —. .—
flexibility of wing structures, accelerations caused by
Gusts will not be the same at all poin-ts along the
span. The accelerations at the wing tips will be
somewhat greater than and out of phase with those at
the fuselage. Some calculations pertaining to two
typical large airplanes (reference 12) and tests in
the Langley gust tunnel.indicat~d that the maximum tip
acceleration at about 200 miles per hour was about
twice the acceleration at the fuselage and occurred
earlier than the fuselage acceleration. The wing
oscillation in these cases damped.out in 1 to 2 cycles.
‘Theeffect of such dynamic action is to cause, at the
outer portions of the wing primary structure, super-
imposed stress cycles with a maximum amplitude about
10 percent of the static stress for the uniformly
distributed gust.

Because the natural period of wings increases
almost in direct ~roportion to tb-ewing linear dimensions
and because the s~.zeof gusts to wh_f.chairplanes will
respond also increases as the airplane size, the ratio
of natural neriod to neriod of application of load
remains about constant for constant flight speed. The
dynamic response of the structure would, therefore,
aPnear not to f.ncrease with airplane size..
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If desired, the additional frequencies of the small
dynamic stresses at the outer portions of the wings can
be included In the same manner as the uncounted super-
imposed gust frequencies.

Experimental evidence.- Sone test results from
the stress ani.a~c=e=afi=a measurements on the M-130
and.the B-lb airplanes are shown in.figures 8 to 10.
Comparative stress frequencies cannot be shown, but the
.fi,guresillustrate t;hedegree of’agreement between peak
stresses as mes.s’.med.a]~das would be calculated by the
usual assumption of static load for the corresponding
measured accelerations.

For the i’i!-130 airplane (f’i.g.8) a datum stress
increment corresnon.ding to application of a load factor
of 1 was determined by taking the difference between
stress while in level f’ligk.tin smioothair and stress
whj.le at rest on t}!awater, Correction was made for
wing weight. The nlot therefore indicates the agree-
ment between gust-l‘nduced stresses as measured and
gust-induced stresses as ~~,~teri~ir~edb;j~nml”tiplicatio~n
of the datum stress by the measured acceleration. The
clistribu.tionof the points along a line o.f)+5° slope
Indicates excellent agree”mcnt; this result and the lack
of scatter beyond the limi~s of error denote lack of
serious dynamic response of the structure .

The results shown for the B-1.~airplane in fig-
ures 9 and 10 are given si~!l~lyas Plots of ~e~suredl

stress against measured. acceleration because a datum
stress increment was not measured.. ‘Thestress-load
relationships shown are, however, substantially lj.near;
this fact$ together’wj.th virtual absence of’scatter
beyond the limits of error, shows absence of serious
dynamic response.

These results indicate that, with the exception
of the small uncounted superimposed stress peaks, the
stress frequencies of the nrirnarywing structure will
be given with sufficient exactness, for all practical
pur~oses, by application of t’hegust frequencies through
equation (1) and the usual assumption of static load.

Application to tail surfaces.- T& gust-frequency
data given lI=e.in are not Irectly a~pl.ica’tileto tail
surfaces . Some unpublished flight data on the relative
magnitudes of effective gust velocities on wings and
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indicate, however, that a rough a~~roxi.
tail-load frequencies rnight..b~,ob~~ined

by utilizing the gust frequencies given here and by
multiplying the values of effective gust velocity by 1.6
for the””ve~tical tail surfaces and b; 0.5 for th.~ “
horizontal ta~l surfaces.

CONCLUDING REL?ARKS

Available flight data are sufficient to indicate
that the distribution of gusts within turbulent regions
of the atmosphere follows a substantially fixed pattern
which is iildependent of the source or cause of the
turbulence . The average interval between gusts causing
measurable &i.rplane response is about 11 chord lengths,
and the total frequency of sign.i_fi_cant gusts in any
stretch of rough air is therefore the length of the
flight path in rough air divided by 11 times the m,ean
wing chord.

The total gust frequancy to be expected.durj.ng
the operating life o.fan airplane d.eper-idsupon the
operating con.dition,s,which determine tk,eratio of
path length in rough air to the total path of opera-
tions. InJ!’O~matiOn on th[? path i’atio as a function of
operating conditions is slketchyat this time and
should be supplemented by further -measurements. l%om
the available i:nformatjon, the average path ratio for
a variety of operating ccndj.tions is about 0.1, although
individual values vary between about 0.006 and 0.24.

The available data on gust frequencies nerml.t
approximate determination of stress frequencies in
the nrimary structures of airplanes due to gusts.
‘I%ese frequer.ties apuear to describe adequately, for
many design pur~oses, the stress conditions for
transport-tyve airplanes in flight. Supplementary
information on stresses in secondary members of the
structure and on the additional. frequencies of small
stresses in the primary structure resulting from dynamic
structural response and nonlinear lateral gust distri-
bution is desirable. This information will have to be

—— —
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obtained by stress measurements correlated with airplane
size, dead-weight distribution, and other factors.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics

Langley Field, Vs.,
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TABLE I

Sample Airplane
type

Ford~-AT

FokkerF-10-A
1

Boeing@B

/l?.oeing80-A

+-+=3=-
4 DouglacDO-J

t

5 MartinM-130

6
MartinM-130

BoeingB-314

7 Boeing B-15

10 lAeronceC-2

CHARACTERISTICS OF’AIRPLANES FROM WHICH SAMPLES

OF GUST-FREQUENCY DATA WERE OBTAINED

* Wing area Wing loadlng span Mean Relative
~eight(ybfllgh” (Sq ft) (la/sqft) (ft) ;hoJdall;;;;;;; lift Cprve,

Slope’of

w a
I I I I I n I

a13,500 835 16.16 I77.6110.73I 1.000 1+.’i’6

%0,500 728 15.30 71.2 10.22 0.995 4.76

aG,O~O 545 11.1 44.2 6.6 0.905 3.9

16,000 I 1220 I 13.1 I ao I 9.0 I 0.955 I 4.0

11,100 [ 836 I 13.3 174 tll.Ot 0.955 I 4.52

15,500 I 938 I 16.5 185 ]11.0/ 1.oo5 I /+.65

21,000 I 998 I 20.4 195 10.40 1.05 I 4.79

40,000 I 2270 I 17.60 1130 116.701 1.020 I 4.66
40,000 2270 17.60 130 16.70 1.020 4.66
71,500 2868 24.$)0 152 17.70 1.085 4*69
55,000 2780 19.9 149 18.65 l.o~ 4.76
10,500 458 22.90 55 9.23 1,070 3.95
10,500 458 22.90 55 ‘9.23 1.070 3 ●9.5

782 ““ 144 ‘“” “5:43 36 4.0 0.772 4*73

z
0
.

aGross weight.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

.



TABL3II

OPERATINGCONDITIO~S~EPIWS~~TE~

Sample Airplane
type Route Topograph:

Ford5-AT
FokkerF-10-A

1 Various routes All typet
Boeing 00-B in U.S. In U.S.

Boeing 80-A

I 4 I!loUglasDC-3 I I

5 Martin M-130 ‘/ Almedato HOng Kong Oceanic

I

6
?:artlnM-lJO

Alameda to Hong Kong
!30.elng9-54

Oceanic

Variousroutesin U.S.All t~es

7 BoeingB-15 andone ro~mdtrip in u.z.
‘remLmgle:~.Field,. and
Va.to CanalZone oceanic

I ~ Lockheed XC-55
I

Vici;::~dofv~gley

I

Flat,
). wooded

IIQLockheed XC-35 I Viclnlty of Langley

I

Flat,
Field, Va. wooded

10 Aeronc.aC-2 Viclnlty of Langley Flat,
Field, Va. woocieci

BY SAMPLES

I
?Jean

altitude F;Q&g
above sea’

level (hr)
(I-t)

4,000 1,320

11s,324

10,000 115

=1=10,000 12,232

~,000 I 313

=

-------- 3.1:

------.- 2.2(

Remarks %

Early domestic transport operations

Domestic transport operations

Operations on Pacific Division
of Fan American Airways Syste?l,,
Short stretch of extremely
rough air experienced during
operations

Operations on Pacific Division
of Pan American Airways System ~

Miscelhmeous Army peacetime opera-
tions. Tu@ulent regions, in
general, avoided

Flight selected at ranco; from ~;
number of gust surveys of cmul.us-

congest-ustifidmcnulo-n!mbus cl~”uds

~ou;hest fll@t selected f’ror,gust
si)rveys of cumulus-congestus and
c.unlulo-nirnbusc.10u~s

Fli*t selected at random frccms

z
o
●

NATIONAL AD’v’15@FY
C@i!?lITTEKFOR .WRON,l~TT2S
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SamDle

1

2

a5

ag

7

8

a9

10

3.00 I 9.0

F
4.50 20.0

4.50 20.0

4.50 20.0

2.88 I 0.3

*

2.88 20.0

2.64 0.3

4.50 0.4

=-l-=-

TABLE III

TOTAL FREQUENCIES AND FREQU5NCY DISTRIBUTIONS

Sign of
Class

Total gu8t 1 I 2
frequency 3 41516]? 18 I9}1o 11 12

direction FrefauencY. .

+ ------- --- ---- 1860 363 95 25 7 2 0. - ---
---------

-.----- --- ---- 2708 797 182 50 15 3 0 - ---

+ ------- --- ---- ---- -----
--------- . 3 3 1 0 0 -“ ---

. ------- --- ---- ---- ----- 6 1 1 0 0 - ---

+ ------- --- ---- ---- -----
------.-- 1 0 0 0 0 - ---

------- --- ---- ---- ------ 3 0 0 0 0 - ---

+ -..---- --- ---- ---- ----- 15 6 2 2 1 - ------------
---------- ---- ---- ----- 9 3 6 1 1 -, ---

+
2,695

1,280.5 125 28.5 10 1.5 1 0.5 0 0 0 0 0.5
1,280.5 125 28.5 10 1.5 1 0.5 0 0 0 0 0.5

+ ------- --- ---- ---- ----- ---
---------

---- 1 2 o.~ 0 0
------- --- ---- ---- ----- --- ---- 1 2 0.5 0 0

+
26,046 -

11,868 1002 ill+ 17 16 1 2 2 0 1 - ---
11,934 948 97 7 3 2 0 1 0 - ---

+
2,564

1,031 221 23 3: 1 --- ---- -- - --- - ---
1,030 238 16 0 0 --- ---- -- - --- -’ ---

3,405
+ 1,085.5418 135 37 15 6 4 2 - --- - ---

1,035.5418 135 37 15 6 4 2 - --- - ---

5,361 + 1,740 735 162 38 4 2 ---- -- - --- . .-.

2,080 462 107 26 5 0 ---- -- - --- - ---

aPosltive and negativa accelerations not separately counted.
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TABLE IV

AVERAGE GUST INTERVALS AND RELATED’DATA

,,.
Total Ayerage Path of Path in pa~h Average

Flying time
Gusts per

,tnle.‘“f;;gg in rough air airs?e~dSample
operation, rough gust mile of path

air ratio, in~erval, of opera~~on

(hr) (hr) (mph)”. (mites) (miles) R
J

l?~L
(::) .:

—

1 1,520 ------------ 110 1~5,000 -.-.--- --..-- --------. -.--------.,..-

2 12,21+7------------ 147 1,800,000 ------- ------ -------.s -.--a...------

3 10,554------------ 180 l,poo,ooo --.--.. -------.-.-------.--~-----e-

~L 19,J21} 180 3,480,000
,,..,

-------..--- ---.-----.-------------------------

5 115 0.67 151 17,400 101 0.0058 180 0.166

6 12,232------------ 151 1,850,000
!.-.----- .---.----..--------------.-a

7 313 4.84 153 47,doo 741 .0155 150 ,
● 544

8 ------ .35 170 --------- 60 ------ 130 -------------

9 ------ .43 170 --------Q 73 -..--- al~ y -.--..-....;.=.

10 ------ .65 75 --------- k7 -.---- 43 ---..--s..-..

avalue based on special count from variable datum caused by disturbed motion of airplane.

.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

CA
o



TABLZ V

FREQUENCIES, PATR RATIOS, AND OPERATING COh~ITIONS

OF AMERICAN AND GERMAN TRANSPORT OPERATIONS

Americandata

Variousroutes All types h,000 145,000 1,600,000 11.6 0.24 Earlydmestic
In Y.S. In U.S. transportdata

AlamedatoHongKong Oceanic 10,000 17,400 2,895 0,278 0.oo58C:::d~rmatlons mostly

Various rout%a In U.S. All tyoes
and one trip from ~a. in u.S. and 5,000 47,8oo 26,046 1.02 0.0155T~~;;;;t‘l~rmostly ,
to CanalZone oceanic

I Geman data

Eerlln to Vienna Low and flat
to nmantainous

2,700 7,1400 50,800 7.05 0.147
Operationson De-~tschel

Berlin”toK&lgsberg Lcwand f’lat 2,000 11,190 20,950 1.92 0.040 Lufthansawithearly
typesor Germantrans-

Berlinto Paris Hilly 2,600 ?,960 65,010 8.38 0.174 portairplane

StuttKartto BarcelonaMountainous !+,700 40,260 395,5.00 8.8)L 0.124

Viennato Belgrade Mountainous ..---- -------- ------- 4.77 0.2995Moderntransport
Azoresto NewYork Oceanic LOW ------.- ------- 4 0.0738Mailtransportonly

Average ;::4 0.0993

NATIONAL ADVISORY
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NACA ARR No. L4121 Fig. 2
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